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Abstract
It is a common creed within the user-centered design community to design not only for first use and novice users but for “expert” 
users as well. A frequent example of a design principle is to provide two paths to a successful interaction; one with clear, distinct 
steps for the beginner user and the other with “short cuts” for expert users.  The idea is that once a user gets accustomed to
performing a task, they desire a way to compile a few key presses into sort of a macro function. They no longer need to know 
how to perform a task by incremental steps; they desire the ability to quickly “go there” and get done with it. But, are we really 
designing for expert users or are we just focusing on really good beginners? And if so, do we really need to pay attention to the 
needs of experts? This question really goes beyond semantics to be one of possible neglect. This paper details basic research and 
definitions and characteristics of various levels of expertise. These definitions are then applied to identify all user needs so as to 
build a set of product design principles that address the goals of all potential users no matter their respective role or level of 
expertise.
© 2015 The Authors. Published by Elsevier B.V.
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1. Introduction
The study of the psychology of expertise has a long, fruitful history. Much is known about the cognitive 
mechanisms that are at play during the transformation from beginner to expert in a variety of skills(See [1] for an 
overview of the research field). More importantly, from an applied perspective, the study of expertise has resulted in 
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a fairly sound understanding of the characteristics displayed by novices and experts as they navigate problem spaces
within their respective domains. Further, the field of study has matured to the point thatinferred mechanisms of 
expertise have been found to be highly reliable within domains and fully generalizable across domains, from 
cognitive domains such as chess and physics to sport, and based on well-established research methodologies[2]. To 
take it one step further, years of basic research in the field of expertise psychology have produced results that could 
be considered sound tools for more applied areas such as human-system interface development. However, in light of 
current understanding of the characteristics and mechanisms of novices through experts in problem solving through 
basic research, the field of human factors is relatively devoid of design principles that utilize this knowledge base.
It is a common creed within the user-centered design community to design not only for first use and novice users 
but for “expert” users as well. The notion is that the design team should accommodate the needs of all users; 
regardless of skill level when determining the details of a particular user interface. However, the field of Human 
Factors Engineering has not historically and generally exploited the extensive research and rich findings within the 
field of the psychology of expertise and its acquisition. Design principles are few and generally repeated without 
thought as to their respective origins or specific definitions of “expertise.” These principles can generally be reduced 
to two,related design considerations:
1) Novice users require a step by step process to completing tasks while expert users require short cuts to task 
completion to alleviate tedium. 
2) Novice users work most efficiently via Graphical user interfaces (GUI’s) while experts prefer command line or 
textual interfaces (TUI’s). 
These design considerations may be driven by a less than comprehensive definition of what it means to be an 
expert.  Without a current definition of expertise as applied by the above design considerations, it is assumed 
expertise refers to the level of user interface interaction efficiency. One may reach expertise in this sense when they 
have optimized some performance metric such as speed to complete the task or proficiency in meeting the desired 
task goal without error. If this is the case, an entire sub-population of users may be neglected during product 
development. This group includes specific domain experts that have their own set of characteristic needs based on 
their respective role and problem solving strategies.
This paper will provide a brief history and current understanding of theoretical expertise and propose working 
definitions of expertise. This will result in the creation of a set of user needs based on practical consideration of the 
roles of experts in accomplishing work. The author will put forth a list of related design principles when considering 
all levels of skill and work roles based on established characteristics encompassing a broad range of skill levels of 
both domain and user interface/system experts. Medical device and clinical tasks will be used to illustrate various
conceptsand ideas since it includes both rich interface and complex domain aspects of the complete work 
environment and goal acquisition.
2. Theoretical models of the novice-expert distinction
Rasmussen [3] derived a general model of problem solving from known mental mechanisms for cognitive 
processing (See Figure 1). This model distinguishes between three types of mental processing that can be used at 
any given time. These are:
1) The use of a knowledge base or facts. In essence, the user searches their personal store of knowledge and relies 
on recall to complete tasks. This type of problem solving takes a good deal of conscious effort.
2) Rule based behavior that does not rely on specific recall of information; rather the user recognizes the system 
state and responds accordingly. Somewhat less mental resources are needed here.
3) Skill based behavior involves the user simply “firing” a response automatically without intervening thought 
processes.
168   Dean A. Hooper /  Procedia Manufacturing  3 ( 2015 )  166 – 172 
Fig. 1. Problem solving strategies as they relate to level of expertise (From Rasmussen [3]; modified by the author).
While this model is traditionally used to assess various types of human error, it is also a good summary of the 
transition between levels of expertise. The present author added the graphic on the right side of the original model to 
denote this transition. In this light, novices use more cognitive effort and, in the absence of appreciable experience, 
rely on an already impoverished knowledge base for task completion. As a user gains experience, they rely on that 
experience to recognize environmental cues and react accordingly. Finally, upon reaching an expert level of 
performance, the user instantaneously perceives the environment and formulates a response without intervening 
processes. That is, the user has simply seen the current conditions before and a response is automatically generated. 
An important aspect of this model is the notion of increasing use of contextual constraint in perceiving the 
problem space as one moves from novice to expert. That is, experts are profoundly better at effortlessly applying 
context to the problem to limit the number of possible outcomes or to drive attention to specific aspects of the 
environment. Basic research has demonstrated this in various domains. In a more applied setting, research has 
shown that context drives initial search patterns and identification of lesions in an x-ray for expert users but not 
novices [4].This search strategy leads to significantly better performance by the expert group. Rasmussen’s model 
also predicts this finding. Without fully understanding the problem space, novicescannot hone perception to a few, 
most likely outcomes thus they must access a complete store of knowledge and engage in sort of a hypotheses 
testing strategy. That is, potential solutions are “tried” and discarded until the desired outcome is reached. Experts 
do not have to conduct such resource- heavy processing. In essence they have learned to ignore non-significant 
events and only focus on meaningful information.
This ability to utilize context can only be gained through experience. Anderson’s ACT series of models [5]
describe this as the process of knowledge compilation. As someone becomes more expert, the necessary and 
sufficient “propositions” or knowledge units associated with a specific problem are compiled, so to speak, into a 
single unit that drives action. All the user has to do is perceive the environment and this compiled set of knowledge 
units, or productions, are“fired” and the appropriate response is generated. While compilation of knowledge is 
probably most adaptive in the long term, it has its shortcomings. By internalizing knowledge propositions, the expert 
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user may be in danger of error given more novel contexts. That is, they may not recognize the novelty and continue 
to use skill based behaviors to solve problemswhile falling back on knowledge based strategies may be more 
adequate. Indeed, perception may become so fine-tuned and reliant on context, the expert may completely miss the 
novelty of the environment and assume the problem space is typical of previous experience.
3. Applied stages of expertise
Even though expertise probably falls along a continuum, for the purposes of this paper, a stage model was 
employed; the stages being Novice, Advanced Beginner, Competent Performer, and Expert [6]. See Table 1 for a 
synopsis. Note that these stage definitions transcend the distinction between domain and user interface system 
expertise. Novice users focus on accomplishing the task. They are generally not interested in learning theory or 
other concepts dealing with the system of use beyond how to complete the work at hand. They rely on a serial, step-
by-step approach at task completion.While they may possess some theoretical knowledge, they have difficulty 
applying it in a consistent or meaningful manner. While advanced beginners also focus on the task at hand with little 
interest for the finer points of the system, they have the basics of a working model of the system as a whole and they 
can easily and quickly perform routine tasks, but may lack the experience for recognizing novel system states or less 
than common domain problems.
Table 1. Use categories.
Competency Level User Description
Novice Focus is on accomplishing real work. Impatient with learning concepts rather than performing tasks, they rely on a 
serial, step-by-step process to complete work.
Good theoretical understanding; however, little if any practical experience with system or domain.
Advanced Beginner Focus is on accomplishing real work. Impatient with learning concepts rather than performing tasks.
Randomly access tasks because they lack a clear, concise working model of the system environment. Work can be 
inefficient because they don’t understand the system.
Have the basics for developing a clear working model based on hands-on experience and/or systematic training.
Competent 
Performer
Can perform more complex tasks that require coordinated actions.
Willing to learn how tasks fit into a consistent mental model of the user interface as a whole.
Interested in solving simple problems by applying a conceptual framework to diagnose and correct errors.
Expert Focus on developing a comprehensive mental model of the device/patient system.
Using this model and a vast store of practical experience, they understand complex problems and quickly provide 
solutions.
Interested in learning about concepts and theories of system design and use.
Routine tasks are over-learned. That is, they can perform these tasks with minimal cognitive effort.
Interest in interacting with other experts.
Fully competent performers, on the other hand, have developed a good system model and can be relied upon to 
perform complex and/or novel tasks. They are willing to learn how tasks fit into a holistic system model. They are 
interested in solving simple system and domain problems by using an accurate mental model of the whole system
coupled with a good understanding of domain content. They also show a desire to teach others basic concepts and 
help more junior personnel solve use related problems. These three “stages” of expertise account for almost all of 
any user population. True experts are those that focus on developing a comprehensive mental model of the entire use 
environment. Using this understanding and a vast store of experience, they can quickly and accurately solve the 
most complex problems. They have a good deal of interest in understanding the concepts and theory behind system 
design and use. For example, they tend to resist “black box” solutions. They desire interaction with other experts 
and typically accomplish this through research activities and professional conference participation.
Empirical evidence has supported these differences in the needs of individuals with varying skill level. Figure 2
illustrates the effect of nursing expertise on specific needs concerning a hypothetical, new syringe [7]. While both 
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Fig. 2. Voiced user needs of a new syringe as a function of skill level.
groups of users were concerned with patient safety, novices are focused on the ability of the syringe to allow them to 
perform their work with ease and without error. Expert nurses are more focused on general functionality and 
inherent accuracy of the device. An interesting finding, and one fully consistent with what is known about novices 
and experts, is that novice nurses are more focused on their own safety while performing  tasks and experts tend to 
be more focused on patient safety. In sum, novices must focus on the specific task at hand to the decrement of the 
intended goal. Experts do not need (and are not willing) to expend significant resources performing the task; they 
focus attention on optimizing the outcomes.
Given these characteristics, it would appear that when designers purport to be focusing on expert users; they are, 
in reality, designing to advanced beginners. Once a user reaches a fully competent level, he or she begins to focus on 
how the system works and how to optimize task performance, not how to perform a step by step process. The 
present author has seen this many times during user needs gathering and usability testing; when asked to provide 
preference for a fully manual system that every task has a step by step process for completion vs. a semi-automated 
system that performs many functions “under the hood,” it is common to get a bi-modal distribution of responses. 
That is, while advance beginners prefer automated tasks and shortcuts, novices and experts tend toward fully 
transparent systems that allow for a step by step procedure. Novice users favor manual, step by step methods for 
performing work. 
Further analysis reveals more of this paradox. People who are approaching or have reached expert status also 
tend to want systems to be transparent. They tend to resist automated functions or short cuts. Along with simply 
desiring to understand the entire system, this is consistent with the notion that experts are adept at “picking” out the 
relevant information from the environment.They employ strategies that rely on context to exploit perceptual skills. 
Given these strategies, they are most comfortable with being presented with all data to enrich the context along with
having the option to choose any of a number of paths to reach the task goal. The present author has seen this in his 
practice. Experts voice the need for research tools and “manual” options for more discretion in running system 
algorithms and completing work. This is in opposition to novices that, given their impoverished experience and 
incomplete knowledge structure of the problem space, they tend to prefer to be “led through” the task step by step so 
as to optimize the potential for success. However, both needs lead to a similar outcome, the need for system 
transparency. In contrast, advanced beginners focus on task efficiency and speed. It naturally follows that this group
desires automated tasks and short cuts while performing work. 
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4. Design principles
Since the empirical research into expertise has yielded a pretty reliable description of the transition from novice 
and advanced beginner to competent practitioner to expert, the design environment may include a set of heuristics 
when designing for all levels of expertise.See Table 2 for a summary of these design principles as they relate to all 
levels of expertise. 
Table 2. Summary of Design Principles by Expertise Level.
Level of Expertise Design Principle
Novice Linear task flow
Allow to work with very limited domain knowledge (use convention when possible)
Manual step by step work flow with little if any automatic processing
Advanced Beginner Provide automated tasks and shortcuts to maximize task efficiency.
Allow to work with very limited domain knowledge (use convention when possible)
Competent Performer Present rich context to aid in decision making processes
Provide maximum flexibility in determining task flow and work options
Allow user discretion in level of automation. The user should have the option to inhibit automatic 
processes for novel cases.
Expert Manual step by step work flow with little if any automatic processing
Present rich context to aid in decision making processes.
Provide maximum flexibility in determining task flow and work options.
Flag any potentially anomalous data to prevent erroneous conclusions.
Allow user to collect data for research purposes (without interfering with day to day usage by other 
personnel)
Novice users should have the ability to step through a task with little need for domain knowledge. For this user 
population, make sure task flow is generally linear with very few decision points or options. However, as a user 
becomes more competent, they desire the ability to speed up the work flow by identifying short cuts or other options 
depending on, for one, the clinical need of the patient. They also appreciate automated features that lead to more 
efficient work. Highly competent users and experts, once again, generally desire a hands on approach with full 
control over how they treat the patient. They want to be able to have discretion as to the amount of work performed 
by the system in the form of automated tasks and clinical decision making. Finally, experts want the ability and 
flexibility to collect case data and perform other research functions. These features should be included as long as 
they do not interfere with the day to day use of the system by non-experts.
Most user-centered design work focuses on first time use and skilled beginners; experts are typically neglected. 
But, many systems within any domain are used by competent performers and experts. Given this, in order for a 
system or device development team to truly meetthe needs of all potential users, they should consider all levels of 
expertise. Focusing solely on user interface expertise neglects a large portion of the user population and does not 
address the unique needs of all levels of expertise within the user population.
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